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ito\xn±i>tfi to The JUirUoty Baard of
ilK Sohool of cjigiBMriiiC
tfT
The John)? fiofid£« Ualvcrslty
in emSowdtY trlth the r9tiulr««mit f<Hr th»
^•cree <?f i^jsftsr of SQiamm ixi l^imwrSiig
Iftqr X950

tiMi «ixMi«r ulinhts to 9s^tm9 his gr«^ltwl« ^ fir* <!• V,
lebMoqs of Th« Johrui .%pldMi Otalv«itd.t7 fbr mifigMtlae this topis
sad for hiii «M)ietm:to« and eoQp«f«l«ion throuc^tieiii tbo «>Y:awi ef
tlxi invQstigjdaau Api««elBfeiati li» «l8o mcprwmmd to Or* c« r«
KilXtr a£)d to the oth«r nmimam of tiw f«eulty «nd tr^o dopartniBt
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lor of mwmnl tdmMmnt bride««« Bom hmSJS tJbmagy mA dMlfip
iKBomUitanXAjm U glvrn* This p«p«f U ^M«Xit«tliw in iwtoM idth
I4qr ohara8%«ristic« i» wem'isssXM* mad iim pk«M sropertlM of
aAa^ vBVt-gtiid^ ts« JwsticM aro Isrlsfly eaii«i4«r»d« I've)
of iQftrld eir«2lt« fir« then doserlbtd^ t^ «» laYoXvlag a rteg
or loop of ^K»fie^l«6idn XIdm^ ihs oitoir Mdjring
pir0portl«8 of e«riftin fourHorm J^inetloui* Tli« dtoorlfrtlai it e«w
i«r«d about levii-gaixlte etraotures for odmKmmm^ ba% th« {srlncl-
filMi nay also iMi appllod to oth«r kliids of tr%"i«sd.e&icic limw for
•Iter fk^uansj raagM* Th« ml«:U'«« cMrlta of dlrootional eoupa^rs
Mad tea bridga «l«Mnta ay« dloouiNiod* A mfia-®aldtt 8tru«ti»^
irtiioh la & tTOt mUmrnvn aqolmAaikt of « it^^aliilwma WiO^g iM
Bmm of Uia aoM Is^Mtsil atyltaaMiong av* awOUMd mA
A diMRUMdon of tho marita of ataii Wi4is§ la glv«n#
iJite'.)
a.
TiMi wam-f^AOB titm hum dfvtUpsd in lh« iMt tiiUm
Sefirioe ItM war p«*Qp«M «• iwrwalally t90A dn» to tfe* oa« of
wivii^^uklti in radar* Wm^ 9i Urn «o»t JjQiBflMnl (dNmiloiiMiits
la radUv «anl4 hum tmm viiPtuaU^ ij|i»—tWL» «itfec«t tlit «•• ^
thami guidM* 1% In now poiifslbia to fovtMt pobmi of th« probabtU
vmm of ww '<<gaid>a in ooaBoniosliana domOApHRitft of tlM i»Mr
f\}turo» BoUov-^p&po fuidw «« not proetiooX ootil tNi ««vo«»
Xingth is stiorUr tfeae «tMm% tidrtgr MBtinntorc* k% tMt XJj^t
botb ooMdal eabin and «ami«giGtiil«i ow uMd* As tiso wnrtiyngtli*
fH ilidvt«rf tho wnwgBido bMomt itiofwMriingly «^tractiv« uAtil
III tffi o«Rtiant«» it i» pr«f«rr«il for officitnt« ahioXdtd irmm^
idMiflB Of pooor^ and at tn^roe owntiaotere it 1a usod alaost ox»
elttolinaay*
AXtlioiigi tlM MvliMt tiofk M^ttaoiaod tho wew^iiam to
• foni fl»f tranmiiiiiwi lino for rod^o fwoo^ it vtm 99fpmpm% tnm
llw ootMt tbot iwPOMfiildo «t»iiflp|«««o «m34 \m reciuiartd filvo to
•orvo m nmofvao batio oXtotrloid. OMpOMBts* Ihaoo ooosMBMnto
«t lov ftfoqonoioa itieSxttfo mA olownto •» rooiatora^ tvano*
faveoro^ rola^j oidt^^oo^ eollo^ oopooltoxo^ oto*
ootmtorpsarte of tliooo lorn f^wpaDogr ooo^cevito tim bMo
to QfMiroto is th« sLerowKvo rogloQi* This pop^ prtoarito
of coo group of those ssQmp(XiaLt& es31o<t
mm
3.
Tim biiuEnrlor of t&WNmam iNPidgitt is BimSXssp to thai of
the ooinmiitlfiiaX lanHDrvquoeajr )3ri4g« «irc!«its vliitib e«n{Ma?« tlM
load ifwdiBWi of tbt otfUlnMr •»•» th« »%]a1 bvlag fwS in om
WuMAk am and * dafawtor <» tiw aihav* A. miiwpom/m )3ri40i coni*
8l8t8 of throa proupe of eoafMantat r-f saareaa^ tbt$ brMgv ala**
aantf and tha dataotor>dndleator« Of thaaa^ tiia laridga alwant
ts tha sioat iatar^stisg einea It asKurt ocmpSU to tbe cteteot«r cnly
that poNm* itiloli la raflecrtad Srtm tlia ta«t piaoa* lliamfara^
Bofft of UiiM papar ia ooneamad id-th a dl«a«taalan of tba teld^
alMMRta* Tba alaotrlaaX iMhosiar^ pias^ieal fmm^ poaailAa a|>pXl*
eatloi&a^ mta other eitaraotarlatieB of Bmnml anal) Isridca
win b« dlaouaaad*

It iB mH known ^mt fwlio wvnm «m b9 trml^' propSM*
i::at€d wiUiin an/ iMnAMfUiic tub«^ so Ions w tli« ««vil<ngtlr if>
shari«r th«& a eatoff infwsltQ^ ctstemlAcd bj tlii evoM Pttfltiflma^
slse and shape oT me p^* ?^4ure curs swor irarmwIwrtiMi HodHlf
coiT«spgi3dina to difforvit p«tt«mt of lijaos of fofot^ mhi^ MB
bo Mtabli^^Gd SKt aaintddned for vovo trtn«BS«ciefi^ and thiw
am^r dlfftrflnt mitoff mfvi^Ungtlui* Howivtry for rea&onc of «iit»
I>lloit(y« iiav» "i^aA4» dswiXopwnta b«V9 to far baan confinad alattat
a»tlr«ly %o %km asoda af longaat <mtaff tniva3.<miclih« tha ao^ecuUad
daidxiacit wava^ in pipas eo pmpor^ian&i that oo other aoda ean ba
f)Ma2^ auatalaad^ Lljoaa of alectrio intanalt^r In the doBAamA
vava ^r« shonm In Ki^^^jira X for tabaa &i oiroular^ aquara^ and
Mmg eroaa aaeticck* ll^ara is aridaBtljr a aloaa roaawblirrMMi W
vadio ifoivaa* For i»?aotical raacjoa olivular aid raetaogular
ra in smmnpaI w«| howavar^ olilKar alMpaa ara being !&*
FKttama am ahant la llguva X for bo^ irartioaX and bori-
aoataX poXarlsatiian, In Uva cireuXar and aiyuva aaeva goidaat tiaa
aXaatna fieXd GcmflgnraiioB mas^ ham an^ oriaiitatlaiiy dapanding
apSB tiba flwanar in iriildi tha anvaa iwra ialtiaXl^ Xaunohad. How*
mmr, in the raetanealar soida tha cutoff aawalangUk oocvaapcttilag
%o tfea aroea«i»aXeriaad OMiXXakiee oan ba dass^amad baXow the op*





ta«r« Is a cOiawo th^ ihe polariMliMi Mgr Im Vilii«l
do tend U» yoiat« th« plmm of pol«riiiatiei& ia eirmtlar msm
gaAiSm to •neb en «xt<Qt as to i»t«rftrw jaricmoXy miUi th« ncffaaX
«|MmKtiaB of tfe« •jnriMHi* la g«e«raiy ^i»r#for»9 iw^ #tld« e<i«^
pGn«Dt« how b««n a«f«la^p«d with reetacigular (^diM* BMt inisuXts
•M gtmriiJly c^ytaiiMd «han th« proportiono of t^ eroM soetiim
lio in tlie vifilQlty of X b^ ^g with tho Xarg«r lasido
•QGial to About thr«o*quirt«n of a MmOoiigtii* Vbo









FIELD GONFIOURATION IN CIRCULAR,
FIG. 1

L09waiL 'ii^'-Ld dmriocfi Imvs taam. <lo\^ftlop«d ^sM^h yt^sBSi^
flMiar Sis^xiiriiuit XUcu^U^ciw a1# niijrcvanm £tmi\)mmi»» agwdtt^ilng ue^
Waving 06cilLa1^27 floii U:^ c»t4ani% «4 t^rjAi o^ sl Taeid^ eia:ti^i«
XJU0 p««'X(»9ittiiQ« or UiftM 4««lo«» i« VM^ar fUsfAlst to
th«t osf the h^^ftrid mil, Imt ttmSO^m' in t<ili|*ifln» iriiotim «« *
awM for staeuring pr^fB^«»%UaX laaauttwt «C 9l««ttU0t
:sa^-ve foro«) i» tecmsotod mrom Mm ^tmaSmile 4« no signal uppoami
«% ^« tenatnalj C« bui trecnajUslAB ^«isaa placm f^oly bqtmico A
flna 8 and lMit»««i A «n4 P, t?ith t}i» liqimfe tlias divldhiKl bti^tmm
«qu8sl Xaads plfijood at B ?n^i lu Xf Hi* gmitOfo^r io t^rarstf^micl
frasi A t«o Cp no voliait (Mm appMr «;t a^ frosi rwiprooity can*
atiliVKtioM and i^siiSn Ui« loput powwr is dlvldtd Ia 9omm IMbisti
fa«4nmi»i Xoods «b H and D« It is ftntmSJ^ d^slyabXv^ aoxvovwy
that th« t#nBi»«l« B «mI D b» titlan—d wl^ rwpMt to ^m^i otitor^
•o that « e!«aiirit«r mspUod «t dtiMnr of thosv point* diOlvwrs
ftHtr onljr to loadifl ict a a»d C« In most emum tho oiVMlt is w
pWfMtlanod » to britoie dbo^ «qptl pownr divlaion botwsin th«
In ocnstri^otlans anltida&s for ««• «t sJyciwwv fspsquoB*
«l«i^ tho tominaUi coi'rospund to fcmr appropfisit* tiwtwlMUii




,Mwn>. «« •'**•»"<' *»^
•f
m 0n«nit<n« att4H:ii«d to tli<m« aiuos ore —iniwrt io tmaOxaXm
•aeh am in ii» «iiara0tariaM& i£;^>edano«« if tkA& i» ta^ 6im»^
r«£lMtlais ftxni the los«38 tdlX tSMOd ^ ii{mmi^ tlie b«l&nc««
¥h« ttlwirta ooB^rUli^ the tybcrld r43t«Pocfe asu pnNnaw^
to b« prieAril^' r«6stlv«^ 90 thiA la^csBal cHosipatlon im reciaoaa
to a ttiiajUsuB* 'llm r«tiiitiv« o«n{«iuiit of tha iayaAanea viawtd at
vg^ oca of th9 aaarg^Jsg lUiaa earra^pioiulaf Ifcaitifoipej Uwaat aolaly
to tha loada 1& tte tcfGi adjaoaot lixum, trmmionmA ligr tha n«twot4c«
A pvaparXj cmapogMratad oix-oult in oca tfibioi; eoalxinaa thoaa loads
flo aa to pfaaant ai m^ am m. ixagmkmta* msixA m eaariy m pdaal^
taa to tiM flhav«Bt«iriati« Jjvadaaaa of UaKt am*
mtldB Iba hytrM mr^wavlc tba foar wwiPitIng li&aa miat
\m ^imd iD aoaa Munar* riso dSatlMt poaailAIlt&aa am ba
YiaaaUaad* Ihe tami»al lintm mqf a3JL ba acumatail to mathm:
trvfiaa&aaifln Ilea or tbay nay )»a >»laad dii'aat&jr withoiit aeiy izk-
tarvaoiAe aattina. CorraapeodUagly^ too aXaaaaa of eijnisaita
poaaatalng h^iirld charaetaristioa wiu ba dtaerlbadi hjrfcrSdd
tiona or '^aaglo teas* aa aliom in figora 3 and hylvld rlnga or
^rat-raoaa" Izmdlvifig a ring «r loop of Una to vfcioh
art a|)p9roiriai«(l^ aada*

fara of a e^msvt^mA. ^tsnctian coripz^teing & sarioc «30£in«cti«ti siad &
r-arellel C'3rn<9Cil<>JT fiar'g to ' -r'i tl-e »a*-»t> jsoiiit ^m iUa
called tlv3 oo^ ton*
llic fBn^agsentsl property yf tim %mm is that^ If iiSim-
mam aattm^ t.^«n no ponwx* td.Il b« trarunalttvd fron thtt input to
th« oatpat am* this can b* d«rj::»nGtr»tad bpy^ the u»9 of »5SBKi«t«y
•rgmHitii fJjxm f^r the {^ecMiMrtrlcal o<3nn|<uriitl!»i showi in Figure
3 or l^ th« MwnlAgar with cpticutt For « «ilhiMfi&««a. aiuiljRBit »«»
This property suggatlt
caftiMly «iMi« If tha lepsdaiMM «r» pltgsifl on Vtm
«nd If tb«r« is no U^^mdanlm thr«Kigh th« tw*^ ih«R tlt« lapMlflnMS
•re icteitieed* ]tk«n th« lapidaawwi »r« not ic)«ntleaX^ i^ia tr^ns*
Rission threia^li lim %m gives « nMSum of tbt 4tgr9« of dlffssrsnee
ftifitf 'rhooiy i the mgle t«« showt in Flpire 3 Is «i «a»>»
mqAs of th« 9i^ %vmiM&X nstiioflE i» ricttM 3 «mI pssssssss ibs
•SNMStry propartles of tlmt nvttMork*
Sons ivproKlattM field eonfl^ittr&ticcijs are illustrated 1












A PERSPECTIVE CUT-AWAY VIEW OF A MAGIC 'ijnjL
USING WAVEGUIDE ARMS SHOWING "ROD" AND
"POST" USED IN IMPEDANCE MATCHING.
FIG, 3

A teddiE* usinK ««T«guid« ariM
-^
.^ ^














A WBY» in Arm A of
ih« fomi
which cannot axcita







as a brldg* to ffiMSor* in»3Lt«^ standing VKire rfttib.
iji ipeir}«i^ th«n> wlXl bs ««v«« tTftipAiae In botti dMMtt*
tlfios in all fcmr «fM of tbe t«9« IIiam iHn«e irlU hit
bgr tlMlr fKumplmE voltif* mgiXXUtimm ittrnvm ^at Umi
w^Xtags la I -*• JO*
A doable eolMorliirt will te tiMtf to ^M&gMt* volttft
m^flX^mdm* ttmo Wj^ i* Ui« voltagt a^ plltitd* of ttw naif* travvl*
lilg ttm. 3 into tho too* ^^ ia tbo voltoga flB^pUtitda of tho «««•
trsvtliiig flKjai tho tee to 4« SiOM «m 2 i« tofwiiuttftd with a
MilfllMNl loai
^2i " ^*
IMiO to the ajpnotrioal proportloa of Uio taa^ if «ra I
la mailehod, thara will ba no power raaohing 4 (t^ datactor). iiov-
ff if thia afBc is nr}t ttat^iad^ tlia y^flaatoA «»f« from I will
to ba tsraoaKlttad to iha <^ataotor»
M^ n lsS|m wtecra k la a l^uaetic^ ot rrequai^esr^ and of tha
»r Ivl^^ OEid 4a%a«tor lap^^danaa, but i^t of ^ (uidmonD
Lat Z^ m iMiwdanoa of tho dateotor
H^ « raal port of tfea &^


















Lln&s of electric Intensity




Current flow with metal rod Circuit equivalent
A post at upper left is equivalent to a shunt
capacitor, while a "rod", lower left Is equivalent
to a shunt coll
FIG. 8

trmk two 09urc««f th« orlginaX mmi In am X l^rob tii*
dj^ «Ml a oontribatlon i^'^) ^«b th« mtw S^« p«ri of iih2«li
is rvHaeWi fros the bridge*
«fflelant of th« tiridg* loalcing la «i ana 1 with aU othar taraii-
nala of tba tarliSia XoaAad aa ahoMi in Fi^ura 5*
^ *a-,^*fl ' ®^
UJ Pa-02K|2^-x^
fha prc^)M:^leciaXiiy fafiior la qiuaX}^ datarsdnad aoqpasl*
wmiMXksf in praertica fros^ (X)
8011 if a « tb« STQiiar 9u\^ is a trua saaeur^ oi Aj, car of
^IM van «r IIMi obIbmhki tepad«ne«« iven if a f< 0^ tha vaXuaa of
• and li^ iMttBllgr mmmmi^mmA d9 m>t giiw larga dafiafcifloa Aran
tlfea aimpla aaiqpraaaiaoa* Pigoraa 6 wd 7 al^iav tha awiwfli aryor
fataltda ^ m^sXaoiiag tha|x - A2o|tani« ihia artvr ia in tl»a
fam odT a |Aiaaa an>or« At a giirm \mA bridga ad^aato^tty e ikHI
ba aocaiant* If
€^ le cotiatjint in Btagfiitoda and varlaa in itiaad*
tba tamjX * ^e| vilX viiry about y>is vaXua 1* Thaim wiXX ba tnw
c»f tha ^mlmow} for 'ahiah ttiara vlXX ba tw anros*.
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Vm MBM thifig^ ffilliir* k> use a p9tfm%ly m^dmA t«min«ti0B
on am a* TMa wibaXttoo* tun bt mp9e%£imA Igr g^Tlng «li» ^&tm et
tim load «i tite X inii«h i4B emommmy f&e ^nikmia^* tl\» orror ixi
MMMUNMmai ^ms ietyodiMvi l»e^.a;«'oe i£i %tm 9mm mty «• « r»fl«9»
tifln iffi the liM (of th« mw fl^m) In vl^tcd Metlxm sMMMKiviMnit*
Fq» «E«i«a«y if e liNid flC Y£^R « X*C2 i£ roqulrad to
«0 f(i«asartd by th« bvi4@0f om astoaXiy ^tcvt a xr3ii^ ^k^riag bttwNB
xz % X*02 arid ^z. » "^^ i« in «£iditi3B to any^ ittamm vrror*
liuM U> Iw tMtiMl tRUfft hoT* ft VSiB < ll« The %Am% aq&ifiMHit eoocitta
«f %he bri4i« mimmm%^ a elot«etor« a aertolafeodl Cw oeoDlatcHr^ aeul
an aafpaiTiar driving « «il«r« 7h« iaat mm^^ %m $3A«ad on osks
m aetd a nakHisdl load oo tlM other* lo ad^t ti«
Xovel^ a Imnaiiiatioei haNdUnc a laioiiii Hm% « B !« £luPRii^ted«
VUh tl4,e ataddas^ oit the teat am^ i^he Jieval of the brldi^ ^
adjuated to give refetmoa dalXeoticm oe the ^ai^nfx* The taat
9m tb«ei lie fOaoad on the tetfl am i» faidd aisaeaealan and
or rejeotad. 'fhe aettlng of ^m lar&dge oan raadily be
olke^iad at mss tlaa agaisat the »t«>dard adainatclt.
flia Mfter aeale ean be gradiiMed to read dlr«KStly in ?SiSR«
fiila prooedk^ura la <rf partleiaar lapaitaiiee if Itjte {iaaa»~
•nrr to tma the davloa teetad to « aatifti, aa l£ the eaaa of th«r»
MUiter MoiiBts* The daeiea ia adjtiated nHile it i» cm the bridge.
•r! SAlfat Od tEO^
.*»jixyx4'.




msA i^ is nmQ9Bm^' as^^ to olytniik a BJniawKi swter dafXactioru
Tim priwiry f«l3Ling of this t^rp* of htiAe§ is Um% It
f«il0 to gliro pluwo data* for aaiisr typos of oporotions^ howovor,
tiaa is QG> handioop*
DfKlp SfliyoldywtlGBf t "Hio fOoioyoo ;Mt dMoribod^ do*
l^iBdliie a|)an t^€ ooabinatk'n of gtoMflriOftl •yanirty7 wit; th9 poX<»
«rls8ti«» pi!»|»Hios of rootongttlor two gul^, ore i»ii«root tn tho
junotldn b;' ItooH* 4n i^;>ortotit rofio«i%«at io jroolls«4^ h^jwivor
^
ohon roootlvo to&ing^ m oawmiaLlTiod Ib;^ tl»i laotal poot oiod loO la
Figaro 3 io ooooolated -^th tho jmiotiDn, T^ooo odd»d «a«KHBlo
ia^pvotFo tho iii^90dtaioo notflii of tHo ^lasotl^ to Meh of tlMi four orto*,
«i«l tl:iortl)^ ootoaiatioally bring oltout a bl|^ <lop*oo of beOiffieo Ijo*
tMootii wm 1 mA Z* Fipiro 8 i^oos tlw loo fr«qp«nojr oqui^valonto
of Ui9 po0t sed irod* iho i^otoi {loot eoeoontrotoo tho Olootrie
field botwooa itaoXf find tho ooortaQr ooll of tlu» guXOm, and io o(|uio&-
l«Bt to a ooittOitaEioo lOaood in ilMat aorooa a tawMOaiooicm Uno*
fho parlnoipoX offiK^t of tite i^otaX rod is to protido patlio for eosi*
dootiTo euiTcnt Slsm Vjitiawm tho oaanootod voile of tho goSdo^
^HiMi A roffoltiag inoroaoo la naeootio flux atid; fhxm llrisoeao* m&
tlmo it i« XUko an iiK$\iot8B^o i& Bimi% aoroaa a liii«« Pvmr%A9A
that rofiocnatoly good e j&iduotora bovo baan aoiootod f«ir 12io poot
aRd vod^ tVdir rotiotonoo oo^Nsooota oan be noglootod OHOopt in
OfetMr timiai: iwane^ aooh ae saottO. sUsUmf oo» be ueod iis^
•toad of the natal red and poot, but iho later is being oidOljr v»od*
.J--i
19«
Bj^ % prop«r Qhoico of tuning; 9lmtm%9, •ff«otl«i nwilfuJliwatiaa
of rafXod^larui eaii )»• obt«liM<l 9msP « r>«n«fleiil3dar te»«l boad of
froquonoioo*
Zb pp»e%l«!0 atglo tooi ot X<43»d« can bo buiXt wlttio«i
taHlag dflnrieos to bo balonood «« « Vfllft odP l«dL* '^loh tooo sitouXd
b9 eonetructod of opeolal ftoeorv^ ««vo gul^^ wit}^ 0(|iua iH^poteM«
•IBS 4V»i idtntlcal Xino fitting** Im ooiiasliod oMwraey of t «oaL*
to tti» paaflw—nt of arns 3 an^ 4 Is x^ulrod*
WM^iior laiMMPiflttb dtiorootorlstio of o wiglo too lo t^
tapotfaneo looidng into tho toot m» (rofloeti<m oooffioiont » o)«
SI»oo o is a limotlon of tlio soiuHratoir «k^ dotoetor i^^odonooot
it can b« rm&iX9 ad^i»tod %gr tonoM ie 9i%ku» of tfeooo OXM*
for O bi*oo4 bond ool;u.U.anf ho«90v«r^ it 1« dooii^tibl* to u®o a
Mtiliod fowtfotor sod dotootor, and tmo o bgr owois of iimam
piloood oloeo to Urn em%&r of tho too iunotioKi* TIdo v^p9\ilm
ia boing wovlnid on bat a ^mpljeMX^ oatinfaotor^r oolution is not
ofoiloblo* Tbo oo» bo redasod bar Ijumrting o wulUl ooU-oitt^iod
pod in Ui@ toot ju?m idthout Isvolidatiag tho thoofy^ but at a coot
^ a loofi -in 8«[iisitivity ^ todoo tho ottaisistlofi of tho inoortod
pod* This triok osy bo usofuX In mmmirin^ I«rgo VSii^E's*
CoMJlar t Dirctcti^m^a couplarfi cm- eatiofy tiie i«quii*oa»Dte of a
brldgo oI^Mot tRd aro boing uood ic thio wmvcme at prooent* Soo
kppmdLx c for tiio wolltwiatioal nuO^io, fhorofore* ^^^ rolatlvo
MNPlto of tbo too « o bridmo ood tbo divootlocal coapil«r tkitsmM
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eaHsd diritstivlty in a diF«otl^ma3. eoufa^r) etiiot it doptnOs on
gUMMtrical »?j»»ti^ «Xon«« Carvful dotlgn is mtoMsiafy to prwliie*
a eoMphiV idth hi^ •annig^ diracilvity (aboiat 30 db) to be usoful
far low ?£i?a»s« The ooiij^ter caii b© tri^a«d with toning tt&rmm to
bt aeeujrsttly ^Mlmetd bit the finqoinoy ««n«ltivlt;;' idXl not be
£iOd* The c (mflfietlon eosfftalent) Is rtmoh better in t^^ e«M
of tb« dlrsetional eo^apXar, aiitM If a pad^MKl gWMrfttor is u8«d^
i&m ?!PkE 3i«alEl»g busk frae tha t««t laptdSRd« am bo v^vy good l£i«
4Mid» This ^maam m*r9 iitt{K>Hant to aMSiiiiiig lMg'$ VSf»m««« fii«
dirooticmal oouplitr subtracts orily n aaaXl fraotioin o£ tm po««r
1a ^( lin«i ttdbeh stt;^ bo «ltbit « adv«it«gti or a diaadvmtaga*
Tills rMmlte in a loeo in sa»iltivlt^« but it poa^dtt mt9mmmm%B
to bo tt«d« on a ufilt frtiilo In aiMnrioo*
Vp^. ^ th^ Too ^yjxlffl /.bout A Point -^hqr Thotjt Miffiy| t
SoBotijssoe it i® closirod ^at a dovloo havo a doflxiito iapodawo
o^iT ttiari tho Xino jb^podspeo* For thia oaso^ Ifistond of plaolag
« MiAofet «» MO of tbo l^podaaoo anas^ ooo ueo« as a tandard a
mX% li«vtes tho doolrod li^M«noo« fhm, vAian tho toot itoa hao
Urn 9mm hs^&Smim^ tlio brideo la bilasood* Xnotoad of mmmrim
te» vsm of ttio vstiaacrmp tbo VS^ ootor nov IsidLeafcoe tbo dogroo
of dlff«rocioo botWMRi th« isitascMRn sz»d tho otandai4«
liigmiriii'iant $£ £&SS1* ^'^'^ ^^ bradft dooo not ooooofo
llMoo In tho rapid aatoMotie o«r ^«^ i^ soaeurwi fsm^^ bat ta.ero
art oogrs of mixig tho bridgn to got j^taoasohieh oan oo«£ioto with
»'C4«
a,
ililltffd Metlan imMmnIi* fSM %•• teri4g« om \m u««a wiUx a, o«ai-
l9«i«dl variable ig^^^dm^m on quo arm to rualm latMuiviMRntts^ Imt
This issihcxi 19 n? uny« seourato thaa tiM a^tho^ m««d to eiilll»*at«
& rabolcliarv pji^e siaatturing divlM •«! tie aMM to th^
t«c bridgjt vhioh omicists 3f £i «;lidling 9or«nf in the t9«t ax»» 1%
is ln8«rt4Ki i? A f%jaBd dui^^, snd its position aXong tii« i^aJAi
tivlvd JMBdJU and minia.^ «dll bd ab€«rvQdf on t;>.9 lndie«ti»g MiMPi
Those} win bo laore praito'and«d thctn, irlth a slotted SMSotina* 4
j/bm^ oiaibraUon 6«a bo siitdt by plaoiAg an ifi9«d«io« of kncma
phoio OQ tho toot om srid oboonrtos tho ]!boo« of ti^^o uliMng
oefwr* Unfortwistoly, If e 9^ 0^ thoro is a pkaoo lOTor^ oaid tho
and alnSaM m»y not bo ovonly opoeod* Thio is aoro p3fo«
art hl4^ VSm, For vwqr 3«w V«i& ^dn nsthodi iMQr bo
to tho sXottod oeotion slneo tho ratio of umximm to
fljteteKan idXl t^o Xax^^ oopoelsill?' if tho sliding w&pm refXo«rt«
•l>:>tst w ffiHi^ 00 tho \srUm09fl%« tho eXidin^ oorow t^>oia4l bo o^xro-




m mtUMAxaMuem of Ki^Mi 9 wlU show th« prinoipSM in*
VQuUrad In the oon«tr«stiim of a l^rta^ luitwaf^ froa a r^ or Imp
of tnmiHiMiloin Uzt«8« lite ero»« section shomn is Ir the •3«eitrle
Tl^Mm oif ft ««• goi^ riag with a «tiw&#t gold* oonnitettcl t6 it
•SentttrleaUy fr^ th« vxtarior* T^mi eleetrleftl Xeogth sr^ued
ttspondg t9 tlM ixmviUHA jplsAM-veXooity oharaetarletie of a Hoi*
lev ]p2^w« Tt la tmmmuAj, mA has bMR '^arlfisd axpariamtaU^^
that tba alaetrieal Ivoglh aroiai4 tlw rl&g ia «qMt> to Iha aavi
eifwaBfamiaa*
ihart doniiuiit wavas tro sant Into Um ring fRxn tfao aixia
am» thajr viU b« «p34t at tba lunation ixato tii:> eato of mmm of
aqaal aaq^tnia travaXlng arowid tri« r^ in oi^oslta diraetlQRa*
pura ataridiiig imvo will tharefora ba aat up within tba ring*
this aufrt be tl«a aave for no iieo»i«iim has bea» i^ovidini l^r die*
slpation within the ring oUior then the t^nor cioiia loaaee asao*
aiatad wltl> wsppb tr&mmiMUm* t^te two aata of wavas asamidi&g
out £rom the jooetion are 1@0 dogreac o\st of ps^sae^ drae to ti.e
nstofw of an al.ootM£<«pXaa!ie tea Juoetlon* WmR tbaj reeoh the
point dLafietrieeXl^ oppoaita Urn j^jnotioiy the;^- h«va travarsadi
paths of eqaaX iae^^ mid ore etilX WO dagras* out of phase.
Thia point ia Iharafora a voltaic miniian (swro). ^Itli this 00
a starting point, tha stsRdlttg wata within the rii^ em be plotted
by iiitsitiltug off sXtemate voltaga aaxiaa end ainlaa at l/^ wave
•^
1/4 A Mln.











If iMrMAtl wem guidaa art e£«i»«elMd «y»n»toioaUy to
th« ring at poista 2 and^ so aa to font adi^tlo&ai ^ImGitri^-plssBm
%m ^mctXam, mA If Ut«M eidba aewi «f» tan&inafbad la thair
ibaraotariatto ii^ptdmam
.,
tlt«^ wiU rooaiva aqeaX anowita of pewar
afalah «ra Iweat alaoa Uaacr «v« aariaa emtrmotixmB «t vciliae^ »lnlia&.
Tiia aamilitttda of «Kv«a praeaadtLc^ pavi 2 Imnord 3 idll howavar atlU
l» aqiiua to tha a^pUtada of ntwaa proeaading paat ^ taward 3^ aliioa
tfaal anomta of i^owar ara baiog aortvaatad ffevn %«io acpa). aata of
vavas* tha are 2 3 4 etill 6aataii»«, Uiarafore, a ptira atanding
vava* Slnea IdantloaX fJhasa ehift« i^a^ra beim ix^tr^^diiaad «^ 2 aiMt
4 b^ t£i« ideotloal taa J^meticaiaf Uie poaiilon of ttiia atondiiii
«av« lo imaXtaarad, -mi titara la atUl a volti^ laaKiMtta ad* 3* A
iari^a aonnaotian to tha ring at 3 ^Ul Uma raoalva fu> powar*
$u«li a a€C(n«ot4oi!( mk^" b« »»ila b^ introdaolfis a fanur^i a]botrlo
plana JunetioQ ai 3*
.l-lctara 10 Is a ozt>aa ^actional ¥la«r witti aariea oonoaa<»
ticna to tim rl^ at Xy 2^ 3» ^^ 4* TnXa rapraaanta a liybvid
oirouit lidtfe Isldiraetiama obaraetariatlaa* Thia tsm ^ ahoan ^
•amlAing ai»at hi^ppaoa whan a gwiarator ia plaead od wm 2 and
fl^ypropriata Xaada Is wm 1 and 3* At 5^^« point dlMBirtrlaallar
oppoaita tlia drl^i&g pointy tha fi«lilB lAlX Intarfara to prodoaa
« iroltaga adnSaniRy and In tha ateanaa of araa Xg 3, aad 4^ tliara
alll ba voltaea mocImk at 2, 4» aod 6, and iKtditi«Mil ^isdmtk at




tim aam X53 eod t^ «m «fc 4 rec@lv!t8 no pownr*
flMi rtfig 4MorllMd[ tbmi tmt iB not the onl^ ttsnietxapv
«f tlii0 iypt Kiiiaii ftaa«tlone «8 & hybrid oireuit. It a »«rlM •la*
ami of ittiMMlanctt 2 «r a tnmaniMilo» Ha* of e^iartotorlstio ie*
2
•ido of which 18 odbdNid « qticrl«r iiK««34Agtfc of Xijfto and em %h»
oUior sid«p a t 'r«t«<sa«ir^«r usiiwlinc^ of 2ifi«^ t>liecitlr» porfoiik*
mmo of tlM eiroult is tmaltox^* In % is wtjr %bm twae attPlM
oonnoetiofis to tlie riAg ««» li« ir^iiiaotdi^ ooo t^r ono, iQr ttssaot
oonnootloika. This giiw9 elx di#timrt hj^lHrid rlngi liaitit «« MwMft
In flflUM IX* Thoito elreuits ops3^ oc^oaUy i«b11 for loir aaS hl^li
froq[u«ielMi«
far siAtvfffttva tro^s^^mmUm tba praetieaX rwdLian^lsA of
tha olrcidta atiaMi to Fi^gnje^ %X ooXk» for olaoitio plana vava
fidda taa junoticc« aa aariaa eemmo^mm and m@Mtlo plaBa
vwa galda taa ^usMstiona m* tyanafcafaitlaBa to ooaadal aa paralUl
III oartaln ooablnatiQiia tluna laay ba atruotural
In airtng Uia puUea of tha rSag tha aai^Mtic rl^^a*
An lnt«*astln« allRiatlan arlaaa 'ahan msiaMto or oircular wsva
^iliia i» laaad^ f«r taao ttia ^Lreuita of figora Ua i»d Hf o«i
te inolxtdad In tlia Moa aWootora* For ana oriont&t...cn of tba
palariafitlflB tha ling Xlaa In Um aleotrio pilanai foar aoDthar, tha
MiffMitia plaoai and for any airlentastion In &mm^, ^ha input
ajr ba raaaXvad Into a^apanwta p^rallail «it^i aod i^i^p«i«-
'•.<mM« <«t •
mU











4ieiil«r to t^« plc»« of tha rlBg ISar MiM^i »f lAH^Ik a h9%iPkl elr-
oait is provldtda JDii i iff earn t:« »fttehixig of f««jliitiv« ieqpe<»
dano«8 for both eonpORinte b«oo»M •oHMtuiKt aoro tjr^voXirsci,
The clfCUiisforentiaX dlffienslons of h;^id ringa o«q bs
^angod in dieoroto atopB wlthovit altoring ci^ ^ tbo elreuit
«hiftraet«rldtioe^ ligr Ui« fj^^^iNfM^n of oith«r or botlfe of ttit
folIo«lRg nOiss*
(a) A& integral snalb^ of «fB««l«ft£%to aay bo addMl to
«r wAlvoetod fron any «w (l«e« portioc of ring bctwooa oontore
of 9^^omi% oom^KttlQns)*
(b) A ps^ of h^OLf w»fOl«egtNi ita^ bo o^ldoct to or >iib«
tr^tod tfom. my tm> ^^^4
Thooo ruX«o om be ai^siUo^ "vthm It le daslyod to eijnpiily
tte oonvtnsctioR c«r to oXtor Um struot^sro to oo&foflR msr* rosdU^"
to fcvftHabile ^pacMi* Bmi» of t^ ^iUMBSloes in Fi@a?o IX w«ro sse*»
rlvod at v^ing tl^oee rulos. itto psroportlcsMB ibIicnbi in Flpiro 10
6cxifo7@ in oae^i caeo to Urn fm&i3j6S% rUag in wiiicli aX3. eon^oeticsie
•m •opavatod by fisslte eres, An adkiltlQiiaX pair of haXf mem»
Xaogllw 88$ \m wm^gpntd, trtm oaoh of t^ elrciilta of Flgura IX b
asd XX a* Csra mst m tekm, hmmwr^ to preaarva mrnmsttaoB
itdm ava taiXr ad^aeant md ^Adx $m tmt au^Mi^paaaA ayiatrieaX:^
to tha a«na point of tbo ring^ If tha ft^^iartlai of ^ka ovidnaX
bjpbrld rin^ ara to ba {raa^rvad*
I& sffiBiftt^ aav^a i;iilda egiwtrQ^tlasrta «r« XikaXsr to
twom tha diaanaioea of fi^oaem XX* ^aatangaXar
t^ 'Ml
jfilnoiXft'x
^iLO'-m i-w4 XfSA m
1 mm» 'liBWi At If?
bi»ir.:
htm iMMMt guOTilut 9^aaiag4UmA Vkpm m •X««tfte f9«Mi
lifln mciky a little loss thas a half {trm spao*) ««9«X«Bglib«
Sine* ilid wiiV9l«a»|^ irt *>h« «jttid» is Mldon as srssA as ti» tiass
th« jT^rca spsea wai^sngfch, ths qjoayter (eoida) wairalanglh spseiofis
stipoXatsd in Klsmw IX aorrvBpfmd to sxtnsMljr closa ^>aaifk6t sr
•oBSliatM avsn to oi?erlAppdag of ad^aeant mtIob aoBaMtiana*
Orsatar dUfficuXtles will bs aqicrlsBoad tdth adjaaani oanaaotlana
in tl^ Mi^oatls pXane* Thaaa troubles;^ tt^«n thay ari«a« ean b»
obvlatad 'hy isicrm»XRi\ tha slea of t^a ring aaocRPdcliig to tha
rolae givaB* For mma^®, tba aros in ricnird XI a say b« in*
oraasod to 3AA, 3AX, 3AA, 1 V4X#
It has baan poljf^tad out thai for ^^a wmra galila fam af
Hi* aircult In Fi^n Ua^ t^ rmotaoeaa asaaelatad idtkh tbe ^unc**
tiona do not upsat tha parfoiwaBaaa baamaa nqjMik |i»sa shifts ara
introdaaad aa tha viainss travoi peat tha t^o driviB aiiia* tha
asns arfOMBta e«s ba n^pilad to tlia higbly s^saaatrleal cireuita
of Fi^eara IX d snd Xk f • HiniratnBr^ the li iuatlan ia not so ob~
vious «1^ regard to Umi rings istvolrixig aaajsBMitriaally dlspeaad
itfjQsd aoenseticRSy ainsa different phase a^iifta shqt be axpeeteil
at series and ahuiit braneribaa* Omaijimp the oirotiit of Fii^re 11 b*
HMD this ia driv«D frcn the i^miA mm or frots the oi^eeite seriaa
mm, aqual pbaaa ahifta taka pluom at the two idaRbiaal^ ad^aeaeA
sariee ansa and balaoaa is aemiredf nitli i^e dUsteidaBa aa given*
If tsle ^i^aUsR raaetanatts are retread or eliadnatad by ajpHMMfioal
tcmini^^ balanoa and ^ual power diviaien will atlU be retaunad*
Am^ t'^
27,
(Sintfil. ^emMmPtSA<M» bttMi «n rmtpeoiAXj way ftew l» olted to
«hgir that this ams tmi^Gig aatoatttS^tOl^ taring about bslsncd^
mi^^aX diTision 5f powwr, a?^ !U8ii>»danc« laatch «Ji«2 the olrc^t la
^atifm trcm altiior of Uat op^oeed sarlas anMi« «v)en thisoi^i tha
tamaotloBta adJitQaKit to thaaa anna b«vo aaaii a totally <tlffervat
«haamc-tai*« Tim mm mt^mm^ pm ba i^ppUAd to riguro IX •• Tlia
•aagiiUUdy aaarKi^atrieaX elrooit of Flgoifa 11 c roaalna, th«i aa
tha oely mm itioaa dlaMMdcm® mgr pailMqpa xv^ilva aotaatantial
altar&tioiit nfean a^praelabla fhaaa ahlfts are iaviaiTad*
fm a Beaath«B»tloAl anaS^ia taa b&^mSdx iu

^,
lie wdto—di w in %^« iMgItt i«i Iqt ir^tro^^iog la itom ^^xiity oC
ill* jtmctl£ffi api^roprisUi i>«ofitii^ «l«B«(itt6«
b« fliOB# nlioM ao ive^ B«9r bt trwMd to the iii^mnt r«slst<»
tw wAjmrnMb 1l^^ie^ fveultc £iran i^lng waem pildit iMT i«fa«gil»at«ajr
th9 •«» •!«• for tias rii^ md aXl %im mm* In i^im 99m a
S9ttiV«UHr df laptdwiM X^ le 3aniiset«^i by tm Xoate «MiRt&«Uijr
in serliieg mtit of iihi«b feM m ^tp^^mm timm^iMSAi^ «ta^ to
X^* 1M« niontttob ea» b« fwadilj «Uii^jittt«d b^ al^rlDg thu
«lifira0t«ii«%i0 ia9«laM« of om w ne^fe ef t^ wmm &iMm in*
prepvxtiM ^m ^tslmam htAimm <^p«tit« sgm U tli« imst critl-
esX one* dafwiilir idtst ria^^wft ^m ic Flguy« 9 thttrtt am ««Bt
into tb* rsag wmm of a l1r«|aaB^ anff«rint ir^ U^ oxiglnsxajr
ooesiaiMPtd* l%«p« wOl 0tiU b« CMmei^Lle^eii oi* nOiM «t paiist 4»
iMt fioir ^im ttptteiag In the etdnding ws99 pAtt^ni ii; oliangftd msA
tlM iroltiiet saMdtatt in cUapilaood fra»s point 3« ^ aam attteliod
ill I idll ^m not b<» eQi^pl<9t93jr \8ioi3»pa«d ttm t^ «to at !•
tlOa rpiMiMfrtnG ««» b» «^li»el to tli9 oireoits #k»o jbn figorwi
3J% 114y mA IXf^ a^ fi2430 to tltoM pairs of oppoelto Q^OMOtliSfis




«h« ftB« 'ttAm dl£r«r W & ^^^ ««•• IflOStt&l «h^ is, to all
Mri«i* 4 ^^ITiPKtt sitnatleii «xl«t« iftm baXane* U obtaiB«d b9»
MiirSodU^ opposite points aeroe« ths riag^^ siaos «h« stMMllfig
psitsr; at 1^ point diasstricel}^ e^poaiit* the £!»td point
»ot ^4Xt witli fir^Qiiari^, ThisB argiiysMKit ai^Iias to Figure Uc
and am pair of qppof«l «n» in fk&sem ULb amfi 3Jy»* Wmk a hi^i
doCTM ^ ba3j«iea i» datlrad batumen one p^^tiwlar pair of acna
•vsr a» Iroad a iMBd as poa^baba^ i^ie ocLroulta o^ Figixraa 3Xb and
Ha vlXl bft praf«iT«l^ for tb«^ oTfar dil^an asm i^iiffti ara 8a»->
aatrioaiLisr oonnaetad*
If tha loada attael)4^ to tha asua af a ^^fiaid ring ara
«aintaina4 naari^ refXtatictOjase &mr a bai;^ of fraQiianeiaa» and
if tha ^etl<m raaataBnaa in tha ring taP9 affaetiva2y oan^lXad
tl&roo^iaet 1^ la ^mA^ Important ^nsriationa ixk Ifea pfmm (olvtBim
«r in tha raeiatlva satdiing aixlXity of Urn natisoi^ idH mit hm
m^9«^mAm hi gananvlf Xiadts to tha BMiSsla band %dd^ vdH ba
•at tegr daidttU^etia from lslaE«»i ^ by inaMJlity to Mne oat aatla«
l^«l«rUjr tba intamaX raflaaties» w»»oaia^^ with tkm jmsiAimtf^
••^4»j
9mte4a^
Tim "vm^ natofv <if a liyteld slMiilt Is Mtb «i to mit»
gM(i iflmdl«t«l^ ntmsrous appUuoationa in duploadng* In fU^ar^ 2j
tor «iaH$^ th« fioULoHliQg etsntiaetlocka bsot b» bmNic at a, a trans-
«itMr| at Bf a traniMiiaslisn Una ar ant«aia| at C^ a i^oaaivai*} at
D^ a duiKjr iMkdl* or tba pmmt aant Isto tlia natwovlt £rm tha
tdranwdLttafy lialf a&U tsa aant out tiia Una or ^t«sia^ haXf will
ba disaipatad ^ ttia dUMQ^ laodly and »o»a vlU ai^paar Is tha v^
aaivir* ^igioala aBtarlng tba natawplE fros tba liiw or antanna
wkXL \m dlTlciad aqealXy batmtaa the raoalvar and tranerdttar*
Tboni viXl thar^aro ba a >iaaolboX Ime Ic ra^^^ptian and in
tranetaJaatflB, c^ t^ie total %mmd trip loffit of 6 daollialo oftae
aaaoalstfld idU; liarfarid dugfiom* ihia dkifAaK arteei still
paraa favorably vlUi tha tao atBtfl,aK ajiHawi B>aaaaaaiy to
Xial: tha aasMi r»(iat, fox* tho total aaraa of t«o aiad3«r
aaaoolatad with tha aiei^laai s^firtaaa mgr ba davotad to a ain^
antoraia with a 3 daelbal inaroaaa in gaJA« or iri tS:ia oaaa of
tapanaaiaalon HjnaG^ U^ tiK> Unas naadad in eimphmt oparatlona
mKjr ba r^plaaad t^^ a si&g3ia Is^rovad Xlna^ eo that 9g/6^ tha 6
daeibaX rmisdotrlp Xoaa la reeovarad. Thla loss oan aUo ba T9^
daaad atttarlally br tlia a^araprlata aat^lUiswMRit of aotivo eiapeult
aXasMBta^ aa^ m |^Hi«>dlaaNasa aaltehaa*
A&otter iaportaat flald of aiifOLlaatlofi oocara in o^uiee-
tlQR with belanoad a&aara and aoavar^^a. As an Intaraatlng pra*
XlaUnary to thla aub^t, oonaidar tha foUaatei arma—at* In

Figur« 2 l«t tiid Wrminals B and D be ^inedl «xt«i:^ftLly at a
Junetloo K* Hiie Jixietim may be to located «&ai wi'ion ponKor la
intyoetuea^ «t A^ tlia •qua! aaitsimte of pomr daXli%r«d to B and 6
raaiili E In itumi* All otf the pomir fron A will tl^rafare be 49^
vaXopad in t^^e appropriate load at 1* Sine* A mA t ar« eompXetaly
ecKipl«d« the taruiinala C^bg^ raolproeitjr^ hava no oonnaetiOR with
althor k or % a»d hanoe plaj xki part In tha eireuit* Thaa^ it ia
not poaaibXa to oosebina tha two raidio«*freq*aaiicy voXtaoaa to <iFiva
a aingla load auad to avoid t^i« thrae daolbal loea aecotr^panyljag tha
oaa of a ^mmj Xoft^t vli^out at the smsa time daatro^rLng Um hybrid
propertlee of the circtiit.
It is |io88ib3je hamrmr to avoid a losa^ idian datectien
ia involvod^bsr oooMnlag dataetad aii^ala* It 1& t^iis pri2?«ipXe
iriiieh ia jjivolved iSi the uae of a h^tarid ra^maik for a baXaiia«d
eonvartar in the mmsmr repraaaaitad aeluBBatically in figure 12*
Tha intamadiiatta frequency voltagaa apr^^arln^ at d* and D* ^m&t
toa eottbined with due regard for their relative i^iaaa* f^hile it
ia important that there is no loes in aignal power over ^at
nmvally aaaociated Tdi^, detection « this in itself ic scarcely a
fMeon for preferring tlia baXaoead eorwrter* Its advantages honv*
avar are nuiseroua tocii»tjini; the iaoXatioet isatwaen the ei^sal aad
and local baating oaeilXatos' and the ellaiiiation of noia^ eontri*
batlons from the local oecilXator* This has indaed tm&n m a^^-
cation in which these hybrid circuits have been extensively used
in microwave systems. For this purpose the hybrid junction or
.tc
hm %MR #iaiwty for re«Q'.:^ti of cuwiwigte—ii| ecrivviilffiist
r, <md broad fk^quou^ ipi^P<»i«*
Cki« of %km w>V9 kipoHant i»«e of Untm b^^trld eircuiic
of awwiirwKni of ih» bexxl pant Qtmtmttttia^iio of loiM^TR taliM*
Otimiit tbailfc a aacie tat ia uaad a»4 arrar^ It aa folXonmi Taat
piapa or 'iMliiiiuai'i im^mtm t^ m am X^ ^aaerator or ar» 3, d0bae«>
tor OR am 4» 8B(i a oharectari^rtie Uiff^imm 2^ on ajbi 2* Th«
poaar iiipiat ana 4 to a frnmare of tha M^Rilaxto of tl^ voltaga
rafXaetioR ooaffiol«int of the \atiaM!«% Ssa|)adari«« t^* Him #rror «i-
•aantarai dapin^ oi tlia »al«li of th«: dataetor tmd gaetaraftai^ acul
tha aaebwiical aa^WHitiT ^ tha uagie ta«. If thia taa ia uaad with
« aodtOatad al^Mtl. ao^vrea imA a aryatal dhptiaet«ry tha taei^ of a
davlaa vtilali 8s»t ba wiililiaa lA ana Svmiiimmy or witioh mat hava
a raflaatiee ^altiela&t lam tiMn a aartaSn iraXoa at ti^a ona fra»
ia aisq^la* Tha timStig of tha davlea ia a«IJaatad for ^isaimm
In ^a output arm* ^ith a ;^<arfaot isa^o taa UkiM will Ido
aaro for Ktatahj otb«rnrlaa« It alll dapand om tha ^aeirad r«9flaa»
tlim ooafflolciats*
v$ith appPojpriata praaaatiaea it 1b poaalbia to usa a
aijig2« aiaela taa vltli aavanvl Input fVaciuaQaiaa, lit^ tha uaa of a
aaiiajpamtiii wabt^ of loeal aaaUlfitoxv la a oirault aisdla^r to
a ^aaibran «ia2sraar» Uta pawar trm& Um output as® oag^ ba di^a.a^
an «R oi^lHoaaqp* ^ tha fata of pii^t ^« P^ ^<»i' •Mi^ fraqi«ian«^«
If thraa ftaqaaiiioiaa ar» viaa^^ ti a taaliavior of Um raflaeting alanflnt

tnA ma^ b« obBMnrod at s glMM« Xf tli» ^tevte« l« oalltrattd
irLth a nurXeciti^m of know flMfHeBltote^ qpyuvititatlvt aa%ft Miy ^
olitaiiiAd. For «XBBEpiti» if it is dtelrcd to titrnk a TCMMnt
irtntfMr or a siEi&U wMMPOBt <ilffa»it»f suoli ae i» «««dl jtoi a ^amd.
ptm tn ta^a, yia ^)vm finKiuaBisiae aorfwpandlag to aMMod ood
Hm %«9 hMifaii%a l»aq!Hanolaa ara sat on i^ WI4sa» tba aXawint
amiar taat, tiaeitad W • Mttabad ImA, la iut a» am am af tha
MKio ^M* ^Qm faa&^g^ita of tha plipa than glw ^mi ^laaUrad in for*
MatioR* 'itm timing of m ^Lameet eais ba aoooi^iSiii^ad fai^ adJaatSng
far a i(s«a«trlaal pottam* 2ii addition ta a (gaiijek a—fflnattatt of
ilMi iliavaatariatica dt aitiglA al«»MQtat it ia aXao possiiala to tam
two-alMMKit tMii#aaa TR ^tiliaa aand to otiaok the ovtrall raiQioRaa
auira^ thst ia^^ tba atancHi^ wim ratio loofciiie thrau^ tha taba
iato a ootaliad laaA threa dlff^nwtt pojtfita in y^a ptM^band*
Thia tgrpa of l)rld$a ia wcoiULflRt for produotion o^tadi^
lag af 0otki>fmmt@, mdk aa the idfid«M» of tha ymaS^tm tft tabaa«
aapasiallar for timing^ aliioa ^m »aaaaiHQP7 agaroati^ ' of tha a^^eurva
for t^tm proper Dfafiianeiaa ean ba iKrtad at a glanoa* Aar naaaMMSQ
«lianfiaa ois ^raBtt^isaiofiHPeeJmsBst alammtat mal^ aa grinding tha
daaa in the wtndiewa or flXiag eatal Ui otlmr t^^'p«@ o^ aXoaanta^
ader ba qul^Oy e^iecSead batwaaa atapa isgr DOtitsg tha eham^ isi tha
liiQraad ^laaa and other applieatiflna for hytrid aireoita
Sa aiavewma ayatana^ thara ara aowioaa oaea in H^oratory
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k tiaMmt WK96 eiildc struotujra eivomi i» ri^nre 13 hat
•%«M terii^* th« o«^)«r minraiiwTO dsvlott «lil«fe hmm bam <il«*
«!«•• to lii ii ttas Ivltfci oT tlw iti««l«i<Mii« t|n^f liMr maf^ olngr
<1) or » « £ JD
A» H^ i<, a»d i> aar« isipidtee«$g thratt of niilcih tarn
aoA the other uniOQOiSi* Hha s&«^e t«« «tf yatoasf earn not
tVQit brldlgM^ for ^woimy tim «(|afltion
(2) A » B
•oily to tSi« isslmown* tliaii^ th« standteis^ is^^w^OiaAi viU. racp^lMl
both a varlaliU vmixUmam arid a variabla rfMct«ii«a« At sinramnw
APifMRO&ia A Tasriabls retristrntoa is dtLfflmOt to pponrida. Thlt
In a disadNtti^M^ of ming a h^trld rixig or ^^eetiflii* ^^th tha
ti«ui i^a«t«toe» lirMgja, hoi«wr^ aeg ts^p»«<^i«Ba sajr ^ »atidiaA tqr
«alag a timA f«aictan6a mb^ vavia)^ raattanaaa* divtb of triaaa
ava aiiiiOa to m^ at oiiovioifffw finiqpina&aa. in
& ba tha uiAloicsmii. fhan &f A i«»l C ara varlidila
aiatiisg of ahortad aaotions of trtxmmlMltm linaa of variabiLa longyi^

Hm yaiio C/a emn b« «4^iii8l«d to have is^r v»al value d9«ijrid»
D . oo&Al«ts of a pQrf«etl^ %«isiiBiit«d lixm is ««il«« «Plth a iraorl-
idala raa«t«n««« itiloh la ««totl&«f i^ov^«dh««et$£»i lina* ii^ ad-
^tlAg tl^}« latittTf D «an ba »ada to tunw aer •i'bitvttry pliaaa
•n£l»« fharaffi^ra, £* aan b« aii^ustad %9 h«v« tha iImmm aegSa af
t^ia %mk»£mi ^xi tie x«&lo C/a <»«b ^ Mllttitact to i^ta the a^n'acit
mgliiiuda* Tha valua of tha mSmmm B, ^m^ is ^is^k^niliiad twtm
tha lih^alJiaX langtlia oT atube k, C, md &«
^a ^n^ laMant J^ Fi^uro U t^i^l^aa X« fbt^ra am
•Ix t^fi^laal palrat ^^^^ ^^^J^ ii^ia^eiQa mmsg m& m input and
a«tpat sam» This farldea ia aada b|r ^o^Eiiiig six piaaaa of raa-
taagalar i«mi faldas at a aswntriaal ^unotloci. oppmtim psAsm
^ mm», msik m k maA c mt i^ mA B, ISm m emsm^ wmt, imt mm
rotatad 90^ ndth raapa«t to ^msk G^wr*
th$s bridga «ai first augg«at<»d l^ E« m^ fomarl^ of
tiMi lt« X* t« iadlaticm taboratoz^* it appaarad p^msil^a timt
th« daviaa i& Figsra 13 waa a tama '/ihaatatcma bri%e ^eoe^ eonsidara*
tiois of tha gat^atry atid tlia wa^ In ^t^ieh tria irsrk>tia guldaa asfa
a^auaetad* fha deelp^r than pro^iod^ to ^ism atniilsrtlae31;r that
IMa davlaa la ^a aq^ivalafit aiircmlt*
tba {msaadiaa ims to aaX^t a«t8 of viamt9 in ^la atr\^-
tufa^ inieh that tha fiald diattlbatioB dua to afijr asvaagaanitt of
tamdaaitiiig aiiittaeeia asid sowms em be s^api^tiaantad 1^ lioasp
acMnMiitttlGti of y^aaa iiwraa* 'HaoB^ npm coiriaiclaratlQe of thaaa
and tha B3«aatf7 propsrrti@a of t}i« bridga^ ralatlc»is betivaan
i 1Mi$
th» tepci mi^%%mm9 «t on* tsndliMl pair md all iih« athor fivt
IdfWliMiitiJig ateltiOMtw o«ri bo fsuxtd* Ti%» mrros thjiA> 8r« e«t up
«re for ih« XoHWt md^ in ^ui «K9i e«l4» «Mlgr} tiui* 1»« It is
•MRMad timt QM !• BMMRarlng ih« fi«aui sniffSoiflBU^ far Smm Um
ju&stioci of tb« goidaa to tl^t all iii« tdfp&f wmim ndHaH iota
fraMBt in th« frlAglzig flaX4» «t tba Jsa^iian 8I« aitiOBa^MU
tlM offaet of tha J«ietiaii a^^piMnrt ia tiia a^iiatieB for iha iHcSilQa
ift tha fofn of •qoi'VttlsDt Isaopad aiaaoapUnaM ast sultalOy c^oaan
pafagaawa p&«hw in the oaiOmm thm m^^mumian for tba aitlBil>ian»t
ralati«D mamg Mm six azaa lai
3 - % ^» % * 5ic ^t ^» ^ ^t 1^ + lit 3^1 V *W ^ *
^ X«. ^ * ^ ^. V * ^ ^ ^ *W ^8 ^ \ ^» ^» *
1^ la the taxttiB«llas aidBdttano* m mm x «le» fbiM is tlia
of a 1ti«staieiMi tarld^ i^ih f^tog&ng mm^f;^mB9 ot
$h mroeB aaoh ^mlnaX* For Urn darlvs^^m of 3 8«i
MIAlogfi^iy !^o« 5*
Ic ianaa of Uiia softaraX ad»ittanea r^atloa, Htm eoruli*
tiflB for a baI«no«cl liriclga la ^lait t^ impa,t aAeittanoa la Intiia*
paodant of tha datoctor aai&ittaisoa^ oed a wle^lm of tbo fona X
Kin fulfill thla roquiraaient* Thla beliKiaa ms&&%i£in, m siodilflad
^ %im frifiglng attaaaj^anoaa «iii wing a allg;liily Olffarent acyfeatlmp
,ii^
mm b« «riit«i
tk« •quivalent circuit Is showa In Figttr* 15*

4^.
mM of the mnre guldo* xtiieih emm toc^1^«r at %h« JuaotioR hitvii
trljng»^&3;» tonpuMj a0 «lioim In Flipur* Hji cut In omIi si4D, «iii
glv» th« o<irr«$t ari«:itatloR for aXl the ptldbs*
M is 9Lkm$9 Vm 9mm t&e svteh equivalent cirmiits to
bt «ppa.ie«»lo0 %lMi adbittanots of isjiectenotit wMi be rmSmem^ %9
wmHtAa npBCteX planes in ihe varioiis «n» of the etructuro* In
tliio ooeoy tiie oqnolvftlent ptobo for say of tbe l»fjb%e ome lo the
peeltion of a sitov^iag pSbmgsr wfjl^* nlXl eaaioe « tiievt to ippeir
to tbe eorrmspmdixtg Wsanoh of the eq:uivalei3t ciro&it* It is
tOoor %tts^, if the oiiwILttanooo 1^^ eto«^ tihieis wre Ktenstu^ «t
Ottfl^ eq[tiii?i^.ait ploMO 8«ti8iy en equation of Um fotm 4f thejr
«i31 no loctger r>%tl8f!|' It alter %b»7 hnem boan %rmm£&mtA m
urbltnay ^iatartoe dcwa th« Xi»« froei Ute plaiiNi ot n^ieli tl:fce:sr
note rirli^ally define* these eriislvaXetst plflBOO oo^^ be located
ligr oorvlng i^aorts in Wo aA^&amnt &mB mt^ as A and
€^ \3ntil the
t/^mAittcmKV* rastio i^n the Input clroult Is iAflailte* hi %iA»
oasOf %im piMdtiims of t^e ahorte <leteifKlas the aqal'ralgnt i^jnoo
to A and C» tha posltic» of '^e node to tlie eta»dtog lorve to tiMi
tofsi &m also 4oftoea th^ equivalent ptone to that am*
ftwre to a move pae^etlcal metliod for toeattog tbe equlv»»
lent plane ishie^ depfisads on tbe foot that Ktheu shorta aaro laoateA
at the oQi Ivalimt pla»as of h koA C^ aorrespandin^ to tofixtlto








t^ as^ t^ om h9 mAiXMiki^ hgr Mtilag rcAct^ eleottUi tarn
^n ogpaa mid of ^usit B and D^ r«euXil»g in « acdtoXiifct^ dit«Gtor
oatput* The shoH poaltkics i& A and C Ar« thna Ysxl«d uotiX tiM
ifWetair ottt|Kit 18 r«iiuood to s^ro^ wuidi d«it«x&ain0« %to cquivik**
l«ii% fdlaiuM fo7 tiHHM axtiitj &:id also ia th« input aisa* Flaoaa
In tha oth«r «»» ve% Im&t^A In ib« ««« wvifg ^ <^ooiMng dU?*
fAs^Q&t Ictpoi am*
Jr Mm as & tirlc^gQ a oaIibra;tad laonrabda abort is pOaMd
tKMKmij in mutt a fK»8ltifiB taut^ noma1.iff.»<a atelttanea 3. ^ JI
iHWUMTi at tha o^ l^valsnt {&ami• HHval^ idiarts sm attai^iM
to mam a aiidi c ar^a ths ai£talttsica to l« lu^^srojnad la attaohad ta
am B* Then
% " 1^ ^4 ^ ^iacSng
MCO^itffiiea <^« to aasnanetriaa In cor^truetiari has bst&n ^tlljidnataA,
fhia Mnglns aaaoi^itaRaa leilr«^iaB«]Ndap«»S«nt b»t om ba allatoatadi
ait MOOT partiiml«r ihniQiMiMfr tgr letaartliifi • oaptaiAtM acmRt iit tha
poaitian aif tha aqidivalfint pa^na or a cioavtar mmHaa^ aNi^« da*-
P«i41ag OB tha vL&i of Jl»«
Qwa prop^l^ aijuatad^ tba brld^ i» ais^p&A to uaa^ aoA
aan tm stada rapidly* Tba trnki^oMi in^adanoa in da*
iri taxoa c^ thfwi FiiyaiaaaL a^Dgtha^ tha diataneas of ttai
fSKtm thia eonaat ttiw9m9 n^mm, i^iixii la a vary tia^
aaiiA i» JBdatmidMit oif dataotor oaUbrsticn* Ilia
«r tha sMfoMMttt It aqoivaloit «a tliat of a
,^
45.
d«itte^^or« 11'!^ :- ••'10 tiircjo jtiTslcai limgtafis to gf^clf;^ ':h@
wSmmm l^p^dai ce orir. lie facilitaiec! i^tli trie «14 <iif «i»^ fowmlm
or 9ha3*%8 • ?.l%ir>v^f in t!te eunf^iRt ir«rtrLem ^ tlft« bUtfgt dH»erlb|d
here» the fringli^ mmmip^m99 Im wOLissAanaXmA f6r &nXy om fra^oKiqrt
it should 1d« pof«lbl# i^ eovmttti,i&naX ^roaA landing t«ahnic|u«8 to
mto the d»vie« qiilt« liroad b«nd» so the£t tho fHnging 8«»«opt«MNM
iiro aiXmfe% tfvo otor « eor»tiatfttb3yt ihmi^ of i!k<oqiiJBRey»
fywy*»ti(|i>l^ |3|ft^L«fi|if9ii t si»oo tixe sUMun brliij^ U
Vtm MOiet oquivnXont of fk ^^h^attioao trid^. It oan b* u9%A a« t
foitir t«RBi»aX Xattioo s«cti«R In miorofnofo filtor ^iMilgn or In
•lad3Lar appXicatiaBe, Hjsft miorowsvs filt.«r «tr,xcttiro« -otod «^
%o now ha-ra botn th« 0qtr!.vsl«^ts of latWor sect.lwis, A l&ttico
iagitgp is tho a»»t jg«Bi©ral fona of four-toifeiBal G6t?it>r*r smd
As m «xni|>l«y th«» tranojtor oocartant ami liwifo Imniintw
aan bo eopomtolg'' adjusted* Also, sji^- plj^lcal foiir^orsiii^al not-
noffc eim bo oiBtiioolsodi b^^ & oeno of lattieo ooctlons^ whilo this
io not oXvoj^ true for IaadU»* sootlons*

fbm AigiA tm^, the directionai ooupUr^ and tine l^|^i4
Hbc Miy ftU u« ttMd Ik tOjsmmmm liritfgM* >i9Pi¥«rf the wmg^
%m is eh(MNn ia aott ai^Hoati^f^t prlnci|Mpa^, for r««>«n« «f
tfa* iBiglB tMMi hw tiM «iritonmti||» Qdt baXttsfiw on Um durvo-
aMMur«Bi«Rtt %0 b» made ot% & vmk% vhJJys in MS^lee*
X)i6 htaaA «i4^ orver ^ii^ the iiaftHfli ring oporat«6 dlf~
The TingB do hiEVQ eodaidnmia^ hl^wr pmme mpetAty tbe&#i«
tti9 8ije»«xn wAerompm ferSile« is i& ifii»<0V«a0at for li^
«r«i«i«gr aAasanffimts* '^Itlt Ui%a WitSiHB It is posslbi* %q mmmsam
musr in^Mdoae* to about tho •am msmaemr aa witii a staiatiacNMnRi
dftaetor* A TaOuabla ftatora of thia inatnMeBit la ^JuA Hm
ti^xsAased imsm^/nmm nm1tx9iA aam %l\xw variiU^It ivaatanaaa {jur*^
alOa ^korting plamgasa) ss^ a ^ tax8tii^tio»* Th« data ara ob*
taiaad in tha feisi df thvaa S^anglliay th« poaitiana &t tba a0na32.a
liiarte*
X^ ^iaaidvaettagaa of ty« i^NMiataaa aqulva3ant l3ridl«t
la n&rv^'m bend widths md diTfleultiaa 1» Oair^structi/xi^i raaultiag
la aas»naitdpia0 and r^uix^Ag tottlac 4avia«a»
thAfv ara snb^ i^ Xloationa for tiiaaa brldgaa inaliidlng
pHMJuallan ahaalring of Wnd^paaa aiiapaetMlatiatay aod In a&seara^ Sa
oomr0rt«E«« and in <ii^AaaMra«

mm
•olttUoM ttf iiax»9U*8 «q9uu[EiifiCis Iri deriving nrtmllMi. itrnm r%»
suits am vxswM&A in %9tmB of a «fi«XX laealmr of sNUMnetorti
irtilflfh e9ii]bd )m <lt%«iiiiiiMia th»oi«tlo6U^ fspon «d iOHwt ooSntioa of
MfijBNill*8 equat&cNMif oT «iil^ M^ lit f«g«iid«d as paamm%mtB In
«qt»lval«nt oiroults fox* l^.i» vwpimiti nyvUmtf liiieh oan l» <i«t«r»
nkwd lay ttpppoptlato ta^itrSiivitfli* Tht @«fMHr«l sMirtho^ ia to »«t
up obtain «t«Bdliie«4n(V» soltitlons of y«iMlX*« «qt>sUyQti8» and to
tiM gonifttl solution as « UnMr moMaa^im of thsst !&«
stsad&ag wteimsm
If iiiBMoll's oq^aUons insido tho ocvlt^ of ttao too aro
oolnodg for o giviii fi^iMBQ^^ an laflnlto vorlolsy of eo]jatiaii»
oro foioidj iai]«se bounSftsy e<«iditleno aft tho outpato svo wpmAf»
fUdi* If only iAiom eoltttjUxui 1& n^ioh I^mbv is rool proptgaMfli
In at loast oosa outpat are ooneiaerod^ oo ofo ablo to write all
such soluiions m linear ooeMnotlcHM of e fli^to mm^r of selii-
tloDB* In the ooso of the teo^ there ore four «toh sv^lutlsins*
iiOii of ^looo solQtioiMi Hill hftve ooci^illoated Xmiim^r
In tho oontna jwrt of ^e oficflty, iribiO^ «e idlll ooneiy^nr ooljr a»
to its ssKototry* Out l» the «cve gsiidet ^^^"("owr, tfeo fields ^leh
MB bo erlttan m o ettpmnpooltion of all ao««al sekMm of tbe
flokto^ baaoaaa aia^aifleil bgr tho aEtet«»uotlooi of all tdioao vadeo
ehJbidk oro not pa^poc^itod* % eholl tmmmm tha^ tho frwiktaii^ is
'S <|i/
sooh thai Qiix-y wm dmtams^ m»m a^e pi^ptte^bmA to Um mm%pa%
g«i&d«tjtttitt« «& mmm aUttauM tba tijaM mdoa— to tltlt »><te« «ai
MR b» eb«pa«i«rifti« flnAlreljr bgr two oefi«t«rE%«« a plMM and ai
«af&l%i»d«f or ft 0ttrf*«nt «xl « voltag;**
Um r«f•rrlag %o ri,gur« 3^ X«t a* «iiooM tysiMtrioalljr
plaotd plffam in tgem 1 find 2 iei an arbltrsry sitmmitm Vmxp staod**
iBg nsfwi are tiian 89% v^, two flntl«yBnitri«9 two •9MMte*le* ^4i9
of MOh «iIX h8itre V » «i tha plaoaa of rafora^sa in 1 and 2^ atKl
ana «U1 liava 1 « at th« j^Umm* t^o« lat ua <^«»oaa tha pSUna
i>f rafavaaoa in 3 so tri«t tha «D(li«9f«nflftrla fVaietian ^lah )*m
savo v&lti^ aerna* tha rafawa— ^aaaa in X and 2 Ulcaidaa haa
mv in»3Aaga aortMw ^m rafasnaisaaa plaaa iii 3* H&«r« lat ua ebaoaa
tita f&ana df rafavwaea in 4 va tNKt tte agwaaina IVmatian i^iah
haa lafo iR>Itaga mto— ttta |4«Baa in 1 and 2 haa a«F» f&lt^^e
mw9m tha paiana in 4* them, aa liawa tha faUyaaiagi
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Stee or Uio oHnar Icu);. ^i ^, ... r,; v:-^';;. Tmis^ 8uppo»« to« Tirct
faot.-.' • .n-^. -i-ttstfio* ©WTJ looieine i&to
Xhua, i!H? s<.tftiitai:iO(3 w iiwM-^mi^mit of ¥^, Uis v^oBm ia tnat mtfe
oc|ual ioacJi^ !:•: 1 rr^i 2, no r-oi^^sr f<©d into a'.itp5it 3 pr'.sO^edB to 4|
it m atl divided ««.iuail4' batiwa^n 1 asrxi 2« iiarieo, Ui«w> is tio ef"
foet of ihe m^)Xt%mo« in 4 on t^i«!> ad>»itt^iiOe ae iMtrati ii\ 3* Sii,iil«»
ttPlyf If the I'Ma?,"^!' is fed into 4^ rtr^na villi r^i'-^GQal Ir/t * "^^ n,,- ,.i we
hawt
,in,; tiio corsfitaf.te of the T« ^imm^imvixig th&t acjy « 3«®«t.rieall^
choean p«4r of ^Ir^es iri cm* aisS ^m laay to» tatoxi ao plaB«B of
r®f3r^.)r,4j« In tlioeo (Xitptits, ehooM i^^jWa^ and tixii pLmam tin&rtf^
circuit ini: plongtre at th«s« pXanea^ so U»at I^ » .2 *" ^^ •
ihers f«0d ponvr lato output 3» J^'Kiia 21 wb ^lottJ^^. have •X3 "• ^o
OP ail inilnite etatiding «^iro ratio, witli Una plan* of r«f«r«rj«e
in 3 at thc^ stjai'T^'ilng i»ar<3 ralritmia. Than wneova t^i® plu!R@9i« B»d

51.
aB%c^ X sod a, m that I^^ » I^ * ^* ''*^ ^^^^ po^mr into 3 mid
put 4f b^ aod a. «r« tomAm
htm to «of)«id«r Um %vm»tian <d powar iXsv^ l«t F b«
tb» pmmr fXaw ofet an mitiut and b ba th« f««l psrt of X, ih«n
the foUomittg ie tru«
Fxutt 6« 15^ «rjd 16
24. V3-*»»/'vij;;j2,),V4 = !^/!Lil2)
Sto only noD-^rlvlal ralotlona or J^ ^tcl j^ am
» a3, 24, sa«l as , / v/ , / /
^
Z^j
19 tin ««lMNr f^uatiyan* of ti^is iom wm ^ «il<^tili>*> aUl









tiiio is apf)r<aadet(Mil7 tli« extuatiosi doocri-^jf'xi h-^ 2i, tor X^ > X^
•qiiMtloii ^ ««d«i»«B to
^V4^.^/%
f^ing Ui« rM&X ^^«rt of 2X^ wa ii«¥-« in this oam «i)N| » a^^* '^t»3S
''^^
^l'^2*^*3*^A * ^»3Li-%2»0 or
tb© fximsr flowiJii- j^rius cnxtpat 3
%M m^AaH^ dividsd b«itiie«ii X mi>i 2^ i^ne flawirig out ^^ lui «o ^^«v«
nsRtJuoiitcl «izli«r« If t^ 19 >9t saiaetX^' equal to I^* ^^i^WB^Wt ^
•www to glvi tl:j« iiovma' flowigig out &£ mApa^ 4# «nd to siiaw
that it le ps*^p&rtlm&I to tlw seiaian of the nigisitai* ^ £} * %•
lesijftti/gii 26 1@ taaef^l If IC]^ is nsarly squal to l2» ^^
powwr is JTsd into (».^tput 4»
In tfis «qiuati«»it0 (Ssrlirsd obo^vs^ Umn is fK»t co^^plsts
s|«8iftfy bet>ii»«n the outputs X sasd 2 <xi Mm «iie ^a»d^ 3 s»^ 4 on
tlis Qthsr^ the sdnlttmiisee l^^ and 1^ ars bfiXaruMd Igr tbs m^m
9U««tsd quMtttitlss ^3 ^ ^^ and ^4 ^ ^^4 , In o^^dsr to inw»]
S5
^4
r^ ws &^st £i«vs b^ «» b. » 0^ a» «e a^ « X« 'ihle
eiB b» dtee« ^ inserting ivlMs in outputs 3 and 4» tl:^ baXsnoiag
qiMBtlties ftlKi'Vtt i41X ^sn im iwilsoed li^ ^3 «rid t^ respsstive)^
In 19» 269 sa^d 27« sod tbeve «iXX be ej^pXstte s^isastry betwesn
-^y ^ »^ v^ ' <;^ji^i''
53.
th» tub 8«i» of output8* ix^uatlon 21 triii tii«r; la^ooam ^t^ » Y^^^

IMb mmX^iM iM mck hybrid tjm&b 0f thd omrim typ9»
fh9 rin^: is o .isvidwrwl m « oontlnaoiis line oXo9«l ao liMm*
fh« amotions 1i«t«»«i ••iImi %t^ «r« tiMm traoiad as being mmt$
t^ of Initena •i»8l« or auXiiipSLe q^i«rt«r tnn^ lism seeiioMi*
liaitiM or •qiiivilffnt T s«etliiMi «r» derived for X» 2^ 3^ and 4
^fime%«p HKVwXengtii eeotisme^ i^p^sricg Xiiw dkmA:i^%mm thm.^
aMli ti«t«»fl(» «r« then CQXvdd % <l«t«i»jiiiBAt« to ffln^sr toM
•ffMts Of fr9q\MiMi3r «lilfi off Uw doai^i o«nt«rt i^^r* tiM mmi
9Hipli«7 of t^ fiAg teperts flrcni «i «n«t i&tagral zmtdmr of
qutfWr nsvBlaxigthBf th« InerioNBt* in th^ «l«Mnt vaLuM for «
^lUBrlir-wmi «|td.i>aXa8t f ii»etjj»i are osOjoulatetl setd y^tilised*
the «aec»|](te etiidled Is a rjijog of 1 1/2 A oeaa jptriaeter with tiire*
Xq tMm oml^iM 2^ x^^pareeente goi^ Si^jedteM end %
«i«««Mrit« flnmla* SsipediBioe* theee ringi nejr be eoneldered a&
^e bMit th«t tMi «aQu3»r «lofe i» a tnaaMilfcl^ XIzm^ of <d)iir»
•ieeidii Xine le olc^eed upcm IteeXf• Serlffis e^mr^ietifiiis are ttiede
Igr tlie mve guide MooeeUoiie* th« outlete of tlie men (.^uide are
eseuMKi %o pree«:tt este i^ide ie^arae^erietie iapedenee to the ring













><:«»i -/^-«- //if /J.
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^ - /?/^/f^




Inwnlwr of qturtcr^^r^nw Motions^ wlUi eevUB tap* m
Thtt #iinit ii^pt^eKmN) «r» id«itleal| ealX eaoh £• Th«
series ii^podsr^ee «r« loade laentieal by fiivt aBsuiBltig a t«p «t
«ifl^ qtiart«p««isve ^uoetlon* Let ea^ eeriee l«g be S« Ihtn, for















Per tbe eaiie of an «»et nnailier of quartear wave lat^Si^ha
tb9 rlue* «U %^ «: j2|p and aU %^ « 2© + ^JZy*







2o 3?T ^ til^ %
r-v \ 4^r H
th \ j^y C H
(2)
^'lo- 5% Zq ^% %
c> 3^ /.^ %i^ H
G ;i% &0 .5^T %
(} 5^ ^0 5^r -7
5^ ^0 5^ %
c 5^ ''^o %\ %
52p %\ H %0




^2;^ ^0 ^^^ .
0) H^ ^^^ ^^0
j/iy
+j;;.j.
for th0 et-ady of U"i« »ffecte oco^irring If v« t?rjip» off
tli« dt0i^ o©nter« Uie iztdiviiluial 1:*e taa^ be t^j^^'^^l to a length
Is ^ 1 1^ • k^&BMk inc. th^ro is: no line dlfisLpaticx) ji^d l« 3arg«







Ift A Similar etanmri Mtfi fftniit «« let





to a flivt api^roadjatttlan the i^jiiirl» «m i« not aff«et«<l
I7 ft •mfOX shift off d«sig» e«nter» 'IU« stsante £ tbue rcMiSfi
'nioy«fo(r«9 the last t«o detert^iinirit®, 2 arid 3# eart $» used by
a«r«l7 OflRvidvriiQc 2^ 4- 2^2. op a special valise ^ 2; •
In a the driving voXtagee aw siieittd^ opfioslte t^ieir as*
M«litt«(l MM^«0f In an extemal oolum at the i^.^A. lhi& c'^'^^vs
the eunwit solatl«na* in Xkm oase beljrii: ccMialjtiered t^ie mimtier
€»f drivlfig vr>Xtagee le U6ual}cr &«ne# neiwr wm% tlim tmfof so tlio
c0liaaR wlU lie ««««» «»»i^ f<9r orie or two iseaaitte* Tb@ curreiit
Ifi ansr aaab is a fraertk»r) Irnvtrti: l;» as denciiainatorj^ imd as msrafstfatar





tiont of rolailiftt samr division IwtwMn braa^iM «r 9i null teX*
aoM eai be h«Mil«d fe^jr o|»«nilUi4HUi perf^mtd «Rtii*ely vLtfe ih«
»li«|ii ai^NttiftMig^ in «vti£a«bliig tiw mwwwtoy
is glkiasil by pros—din^f i»l^»]:^ poi^;eibl« &o «• t@ m^« I^ or X^ tlw
AittRsativeXy^ aM^ios iKhttf« 2^ » ttsti bo GhctMB* An*
o^ior !Mi«dAcl quoiktity is dslviic poditt iia|9«clari8«« Sines % «
f^ tfo«a
-r^ « ~- aad %p « ^, m* rvsultSac iiB«»steio«
will iaoki^ «& «xtra %^ the g^ner^lksr 4£!^)«dano«, to whi«^ ni
Most aatMs^u
AE»>^)«r tasthoa o^ anaXjnsis i« by using equ^vaLdnts*
thm •^ivsltnt f for « rteurroKiet siruotttrs of ootivtsnts 2
(stMOWBtsristio isiptdiioss) and P propagation ODf»t«at («b«ra
P » A 4- jB) per mit l^nsgti^ i« aa eliown in I'ig&mi X@«
ooom tim elrouit la dl^rwiiiiiil iitiag tha alxfa •qoiwiP'
lanMty it aan ba raduead to BiinpUBT fotm b^ auoeaaai^ wm\>iim»
tioM of t •a^ bi" wall Isxyym tottrntXam^
Vemg W9 ahaUl ocmsidar tim epaeial eaeaa.





L^A^^r/i' A- LeA/Gr// r ^
^'r >5^r^^^5 J^^vsre/?/^tr/fiTe)
/^-










Th« w0^hi$d. oi ^mivslmooB will ^ UMd. fh« tquivat*
ft. If poMtr 16 f9d in at M, it wUI divia* oquftUy
bQUP««» 0^ and O^.
^ Ol md Q»i oy^ ix\ proper vave X<m0t r«Iation«iiJ^
f<»r X9olA%%.tm r&Xel^lvm to 9«cl otiity^ b»t th«y ar*
•f£teti^?9Xy in acrlMi arid tliaro «11X ba no aanaal*
Xatiob* Uma^ tha partlcuXsr wsvaXeiiglh apaeiag i«
a naoaaaacy ba% not a amfJTlclent Ci>ndLtiQn*
e* If ttiaz^ ia £i v .-Xtaga K at u.^ than wa hava
(7) £•r 1^2^ -l2(2^:V)
(8) « -X^C-^iZp) +Ia(2So) or
(9) 8 2^ ^252^
^2^2^ 2Z^ so
(10) Ix „ 2^o
(11) !£
fha naab Is^padai^aa la th4e
3
'ntavafora^ an is^padaoaa ma^Qt^. in B^cwr&i if 2 ^ » z^







1^ 0OBiiMt«l to ft eouTM Sq wll^ ifiUmaX voltsftt •• thvM, ^bmtm
is A 6 dl> Law from Oj, t«:> ^*
XI. X 1/2 X rli^ witl^ tmj^ a]%0 uswi «» « p0««r aividsrs
T|i« Mihoil ttf d«te issinsnts ndXl bt us^* i>«Q Figure 21*
Ut C^ b« in l^h !• 'i^hm\ D la isr. "Mm 4t Oj is in mail 5 andi
mA i%» miii&T for miiIi 5 with voltage applied at 0^, &m ro»p«otiVttly
B'i
4«« -














€^* Silica for U\iM str^tur* i) ! i«ols&«i frcm inp^t at
M« it mm% iollm th&t m input at U wiU still .iivide equally
is i2ih^f«ntl^ tmrrmmr «iars '^lat of a t«a| hoffwfter, ?yi .'it^tjini;
stubs mn roqulnd to «ehlet« a fairly i^ood etai; xo«
fb« rlefs tia!f« oocisidwrablj liigiier pom»r eapaoiti^*

torwlnal n«ti«o]^ nlmllar to th«t •itowai in hX^ar^ 5 loith th« Tm
V9plm9A biy the «oupXar« Let 2 a»d 4 bt th« »«oond«ry 11&« and
X and 3 1^ pritsary XIim. 11v« aikpli,tQ4« tiwi«f«r <io«fjriel«nt
botwi»B th« ^mo Un«« is d«fin«d m
%3 %X
liMtt aXX Xifi«0 «r« ooupX^ t..» ^ati^Qd gtaiior&tors or l«dli» %3 la
tiM voXtagt ttB|iXit«uit« ^ tha vttv* troi^Xijag in towavd Urn ooupXor
In «i% 3, Eq2 is ih« voXta^ asi^Xitud* df the nvv^e trav«Xing out
tiKtm tiua 03iipX»r irj an-i 2^ etc. fli« dlrs»etlv« property of ih®
eoiipXsr is
%2
«b«Q tibfS gMsvrstor is eoupXAd to 3* Tti« f«l3Mi%lMi eoMitlMii
«f th9 0Xots is T|}| th« ai«keNidi twrettliifttion or ir«f««ttEiQ« aatoli,
t,il and thci t«i«t pl«e« or ufOanoMB li^p^dacetty f^* If tbc gtit«r«tor
and ditMtor nm ma^i/aSm& to tl^e line,
d«ti«tl^t« 4 in 3
5. iia » V(^i3 <si%x)

66.
This wave U inoldtnt in td» 4iif««tlyO» of Hm dtHM&^m, ^t k»
r«d)£B«d by coupUtiig to tl)9 jpHatry XiiM mni r^tXm^im. by th«
•3^ll8» I^Tioidn gmll 6«eo?idar3r refleetians and eoupiliii^^ «•
Siib»tltttt« 9 tn a
10. s^ « ^t^^%3
1 « I'o^^
From 6
Tte ••eottd %mm is masOX a mpar«d ta tli6 otbviv i»ii ^ Hgr tm
by
tiMi mm/kmrn mA wA»imm valuer of Um voli^gQ to thd 4«tfl«tor
0&w« /%/ is v<wy n««i»ly «iity, tiw ph8«« «Tor siKi isaparfoot
ff«f«Ptiie« bmA^ «rs^r «}t«r tn th« 99m my m in ^»« e«i« »f tM
- X
67.
¥li« dlr«etlvlt^ - '- '*-^"'' ' -^*- ^' coupler may !«
50 te 9$ ^ o*»r a narrow b.;„. .« ....„..ci^ howevor, tlis
di^Mltlvii^ wiU b» «« lim «e U d > . of th« hmd^ Uhis
vt?!!.^^ ttnaidlzkg mwft ratio of the taat plsoa cim ba a faotcir of
XtZi* k proparty of tl^i^ dir^ii^^al coupler is ^mii tJ^is arror
raa»ltlag fr:«} dir««V#o«is^liig batwvan tha ganarator and tha dt^mO'*
tor 1» firaqitasoy eonsitlva* Xn a 'iesi ^ aEifil4ig0aa arror «itav9
if tha Taa is ai^nef^rieal and thara is cro8s-«oupliQg bataaan tba
MTlaa and pia^Ual arms* Thia affaot raaiiXta <mlr fvcm aajmraitxsr
and is not tww^mmsF a^ialtiva* taa*a asgr b« aan8ti\^ot«d 9am:i«r^
aially ao %hA% tlia igneo^ trom M^wNftry doaa not anoaad a faotar
af 1*(^* ihis corraapoiKte to a diraotivli^r of 52 db far a
diraatlon&I «!^':mplar*

!• iy«ia.X3X& Ail) mm-wikm^ or mts% mim mmau mms nu noKo*
IH fUvCTAriiUJUii sicaioM wave ouxiJisa, i» i, s. aoumaX, i%pt.
1946,
3, HTEiaD cii^urrs m& yucsmkvm, v. a* ?^ii«ii» ^ro^m x* ic« s.
Jiov. 1947.
tlon Laboratory f^^ieim ^FH, £$BOr««M'^llI*
7» MlChrJ^AVS PHASE mom WiABmiMmSB FOE 0^.,..- Ai.„. j^AfHS 'M
12 «id 32 iKlLgS^ A, <^, Stfoitor^ ^t^, X* h,
^»f JvO^ X949*
8« MICROMAVS t^^^iAStmSIOrrs All.- TESa* ga^lFiEgiifSy F. a« 0«»te«y^
FrOO. X, iim l^#t '^^^w 3.946,
9, IIICft^^lUrE CDinrs»rM»l« C, F« b^fearcUi, roo* I.ii«S»» ^ov. X947.
iO« THE USK DF KXBIiim, &'fm iHmtlom A.^L CiiCLaS, A3 kFi'Wm to
mm mwsxm mi> tixxioi mmoi^ s, a, is^in«j4«r, F^oe^ x,h»&.
XI. A m^iiiri, w ^^jii^i^xm i*HAa& US ^mmuvM mmmcmB^ s. »«
Eob«rt8ioR, mu Syetw; i©elmical Journal, Jft* ly49»

69.
12. mums CillCUnS FOH IiICHCWAVES, !• a. tyrell, f^«ll teleipbon©
Laboratories F^port ^^M-^^i^^OaoCmUSS)
15, iaaa-'BA?S THA?IS^2:»SI^9s' circuits, Ui»yan, ii^iatioR Juab. ^wiM
#9, ^Ura»-^i:ilX,
17. tm irss 0? iii"'i imoic Tg?- j^icii'ifei^tij. Hni-.« i« ^msiiiOSG i^fiaa^t'^cis,
a. 11. S7l«, M.l.t.-64l«
is« MXCPi^'jWAvs tE&ir ^vim^^nn-f f(»2^i«aiiBi« ii«s«iuN^ ofid ^^vviopMot
OdfiilNgnjr.
19* SA0IC tEi^ MVl GUimE imOilO^^ Q. £«BMI «B|| <£«1l. lfUl«r» V^lr^
IMS £^g9., i%y 194^1.
aO« WAVMIUIl^E HtBgXlB, W, A. lymlU., '^^U Ub. Il«9* JflR* 194B.
21. im?.^ia5][t>s ci*rviix'-s fm mmmmn ccmmi^&nm^ u ^* ^otm*
Ban, I»« T«i iiNFtnwA Co. 8.1.
'Sil«y Mud ikm»f Xnti.
^i«n Icl. l«a». iWiJorli tsM4>-'l6CS43A.
A. F. i^eBurooTf BtOl &^«%m f«ehy ^r^Konalt ^'^J 1947*
;^. ELgS^miiftiaKSf^ fAVSB, S, A. $Oh«ll«Mlff^ I). Van M(»traivi Co.
a6« A lAVscHixiJB amiios foe laiAMiiuiiK) (uan At i^ooo :ic» a. l. sasm^i

70*
27. DW^mrMh' r-unr^"^-, ^, •''•. ^ffiifat^, -'roc. 1,}I.K*, February,
1947.
TeoriEiieal :Wj»rt '^b* 37, ^pril 3, 1947»

71*
'9mm iiBb99% iiiM^in0 iwi b&m ^m&mt 31, 1919, &% SpsrW
I, S» C« ite a.tt<iri(i«d «l«Mntei^ and Moondary sc^iooXt in
^mUi Carolina, oo&pl&ttixm, hl^i s^iool at Spartwiburg, 6« C. ia
1935« i^« attMKKlad ivafi'drd w<>lXag« for an« ^ear and Uien ent^rad
tl}« unitad «»t«tes i^aX A«ad«iigr« ^ipcm cos^platiflii of th« emmm
oi iAotruetlsn at that Institution in 1941» and upcn rooelving a
B* £» (&»gjpa«, h« antarad the l^itad Etatee i^^arir.® Ccrpa*
'iSr* 24udg.ija« h^as sarvad e^ntintacmflly in tha ^arijfia Consa
as a ^:3mmXMsXm9d o. fl^oar, both in U\e llna and at a naml aviator*
Ka haa perfoiaad variaus oocisiawi ®>d staff dutlae includirig that
of Squadron Cotanaading )ffioar, On^up Faracenal offlcar, and iii«*
etruotor at Uia Carina OorpB Sohools* liahas ««rv»d thraa ovdHraaaa
t<>ur» during th« last mmt and reeaiirtd aavaral aadala aa ecsmandai*
tlCR for exoellaKit mrfoysm-ica of d.vitt®s, Hiji! pr&B&rit i*a£sk la
Major U« s« M* c«
cie ant<ired tha Post Onut.^.ue .:;- ,1 ..:. ^n^Lpflt.-Sg 'c,
in 1947 to tafca a gradu.Jit« c «ir»0 h\ ^^Ouai^j^^^ ^^.jila -.*uidamja.*'
Ai^tar ona ^'e«r at this instttutioo, ha tranafarrad to the Jobna
ho:>kiii» i.^ni¥©iisit3r to c-mtlmi© hia gra<^>ata work for tw» laora
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